This paper analyses the e¤ectiveness of the spread between short and long term interest rates for predicting GDP growth in Australia, and whether the predictive relation deteriorates, as theory suggests, with the adoption of a credible in ‡ation-targeting regime. We test whether predictive power is sensitive to inclusion of other conditioning variables which may be useful in forecasting GDP growth, and whether forecasting signi…cance is due primarily to the expected change in short-term interest rates, the term premium, or a combination of the two. In a simple bivariate model, results strongly suggest that the shift to a credible in ‡ation-targeting regime has reduced the predictive content of the term spread.
Introduction
The use of …nancial-market data to predict economic activity has a long history. Tobin's 'q theory'for investment, for example, is based on the idea that if stock-market valuation of the capital stock is greater than its replacement value, …rms have an incentive to invest. So changes in q should help predict changes in capital formation. Alternatively, a consumption capital asset pricing model (CAPM) predicts that a change in the real interest rate changes the relation between present and future real consumption as households reallocate consumption across time. Changes in the real interest rate should help forecast changes in consumption. To give a third example, changes in the 'term spread' -the di¤erence between nominal yields on long and short-term risk-free securities -have been postulated to forecast changes in in ‡ation and real output.
As pointed out by Ang, Piazzesi and Wei (2006), every US recession after the mid-1960's was predicted by a negative-sloping yield curve, which was observed within 6 quarters of the impending recession. More general linkages between asset prices, output and in ‡ation were recently surveyed by Stock and Watson (2003) . They conclude that 'there is evidence that the term spread is a serious candidate as a predictor of output growth and recessions. The stability of this proposition in the United States is questionable, however, and its universality is unresolved'(p.801).
Our objective is to investigate the predictive power of the term spread for real GDP growth in Australia. In addition to providing an update to Australian work completed a decade ago, our analysis is innovative in two main ways. We study the stability of the relation across successive monetary policy regimes -denoted the 'Checklist'and 'Targeting'regimes in what follows -since, as is outlined in the following section, there is a number of arguments as to why adoption of a credible in ‡ation-targeting regime is likely to break the nexus between changes in the term spread and future GDP growth. Second, we attempt to decompose the separate e¤ects of the 'pure expectations'term spread and the term premium on cumulative GDP growth.
The rest of the paper is organised as follows. A literature review is provided in the following section, while data and sample separation are described in section 3. Results are presented in the fourth section, beginning with analysis of a basic regression model for cumulative GDP growth. Alternative speci…cations of the basic model are then considered. The last part of this section uses the expectations model of the term structure to estimate the importance of the term premium in driving our results. The …fth section draws conclusions.
Literature Review
Several arguments have been advanced as to why a move to an in ‡ation-targeting regime reduces the predictive ability of the term spread. An argument sometimes put forward in …nancial-market commentary concerns the risk premium, the proposition being that under a credible regime longer-term ‡uctuations in in ‡ation are likely be lower than otherwise, cutting the risk premium on longterm nominal securities. However, whether a cut in the in ‡ation risk premium leads to a cut in the nominal interest-rate risk premium depends on the relationship between the volatility of the real interest rate and the choice of monetary regime. If, in practice, an in ‡ation-targeting regime achieves a greater degree of price stability at the expense of higher volatility in real variables, then it is not clear a priori that the volatility of the long term nominal rate, and hence the risk premium, will decline under in ‡ation targeting. Our empirical analysis is designed to throw light on this issue.
The second line of argument is based on models in which the expectations model of the term structure applies -so the risk premium is exogenous. At its simplest, the term spread measures the di¤erence between current shortterm rates and the long-term average of future short-term rates, and hence provides a measure of the stance of monetary policy. On this interpretation, the measure is likely to change as monetary regimes change. The argument of short-run nominal rate. A temporary adverse real shock also increases the short rate as people attempt to smooth consumption while the long rate is, again, una¤ected by the temporary shock. So, while a fall in the term spread could result from either a real or in ‡ationary shock, it is only in the former case that a fall in the spread is associated with a fall in activity.
They then consider the case where the lack of a credible in ‡ation target is characterised in terms of in ‡ation being a random walk. In that case an in ‡ationary shock is expected to persist and both long and short nominal rates rise by an equal amount, leaving the term spread unchanged. A temporary real shock, however, leads to a cut in the spread in the same way as before. Reasoning along these lines then leads Bordo and Haubrich to conclude that, since the noisy signal from in ‡ationary shocks is absent in the 'non-credible policy'periods, one is more likely to …nd that falls in the term spread are associated with falls in real activity in these periods. This proposition is not rejected by their empirical analysis, based on United States data from 1879 onwards. theory of the term structure in which the n-period rate is the average of expected future short rates up to maturity n-1, plus an exogenous term premium. 1 An implication of their model -that the response of the yield curve to shocks depends on whether or not the private sector attributes monetary policy actions to changes in preferences for in ‡ation stabilisation -has been tested for Australia and New Zealand over the period To the extent that they analyse the stability of the yield-spread relationship, the choice of sample periods for these earlier studies is determined by deregulation of Australian interest rates -the authorities moved from a tap system to a tender system for issuing Treasury notes in December 1979, and for government bonds in July 1982. It is argued that the information content of the yield curve is likely to increase as interest rates are market determined, making it more likely that the term spread is predictor of economic activity. Lowe (1992) and Alles (1995) con…rm this to be the case, …nding that the forecasting performance of the term spread, using a variety of measures of the spread, improves in the second of their two sub-samples which begins in 1982(3). However none of these earlier studies are able to test whether the forecasting performance of the termspread relationship is sensitive to the adoption of an in ‡ation-targeting regime, which in this paper we take to have occurred in the …rst quarter of 1993.
To summarise, we adopt a two-stage approach to testing the stability of the relationship between the term spread and output. First we test whether the relationship between the term spread and output is stable across monetary regimes. Then, to provide a sharper test of the theoretical models described Tables F01 and F02 .
We use averages of monthly data, rather than end-of-quarter data, so as to 
Results
This section comprises several parts. We …rst investigate stability across subsamples using a regression relating cumulative growth to the term spread and lagged growth rates. Several variants of the basic regression are then examined for evidence of speci…c monetary-policy e¤ects. The last part of this section uses the expectations theory of the term structure to disentangle the 'expectedrate-change'and 'term premium'e¤ects.
Basic regression
The basic regression equation (1) is used to quantify the relationship between the term spread and cumulative GDP growth over the following k quarters, where s represents the term spread.
We allow for the possibility that the persistence of output growth means that past values of GDP growth are also useful predictors of cumulative growth 7 .
The de…nition of the dependent variable implies overlapping data resulting in autocorrelated errors -we therefore apply a Newey-West (1987) correction.
Detailed results are provided in Appendix Table 1 In Figure 2 , the …rst of each pair of vertical bars represents the estimate of 6 If 1990 (1) is taken as the break point, there are too few observations in the shorter
Checklist sample for meaningful analysis, so only Post 1990 results are reported. 7 A more general approach would be to estimate a VAR in the term spread and output growth, and to generate k-step ahead forecasts by iterating the VAR. We follow Stock and Watson (2003) in using a linear regression speci…cation.
1 in a version of (1) which excludes past GDP growth rates as regressors; the second of the set of bars is the estimate of 1 obtained when conditioning on past GDP growth. Horizontal axis labels refer to value of k in the dependent variable CGk.
First, the estimated spread coe¢ cient is always positive suggesting that, in accord with priors, an increase in the yield spread precedes an increase in growth. The estimates for the unconditional version of (1) Our results for the Checklist period give a di¤erent picture than that provided by Lowe (1992) . In terms of our notation, his conditional model can be written as
where Lead is the annualised percentage change in the Index of Leading Indicators over the previous quarter. Over the sample period 1982(3)-1991(2) he …nds that, unlike the results shown in Figure 2 , the term spread is signi…cant in both If attention is focussed on the Post 1990 sample, the spread is almost always signi…cant and positive, in both the unconditional and conditional models. 8 It should be emphasised that our Checklist sample does not overlap with the 'deregulated' sample of Lowe (1992) , and that our GDP data are of more recent vintage than those used by him. We now provide further analysis of the cumulative growth regression to test if the predictive power of the term spread can be better understood by specifying alternative models 9 . Following Dotsey (1998), (1) is augmented by additional terms that explore the e¤ect of tight monetary policy. The intuition supporting this is that yield inversions (negative term spreads) may simply be a function of tight monetary policy, and hence it is only in periods where the cash rate is rising that the yield curve forecasts a slowdown in growth. Alternatively, it may be that tight monetary policy, and not a yield inversion, precedes any slowdown in growth, and hence the addition of the monetary policy proxy term may reduce the signi…cance of the term spread coe¢ cient. 9 We have also explored nonlinearities in the relationship. This approach decomposes the spread into three components: normal values; unusually high values; and unusually low values, to test if these di¤erent ranges result in di¤erent relationships between the spread and economic growth. No signi…cant nonlinearities were found.
E¤ect of monetary tightening
To consider the e¤ect of monetary tightening, the following regression is performed:
(400=k) ln(y t+k =y t )
where the dummy variable d t takes the value 1 if the cash rate is raised by at least 50 basis points over the preceding two quarters, s t again represents the term spread, and ds t interacts the dummy variable with the spread. As before, the expected sign on the coe¢ cient on the spread ( Restricting comparison between the unconditional and conditional models to the two sample periods of most interest -the Checklist and Targeting samples -it can be seen that conditioning on past GDP growth rates has little e¤ect on the overall ‡avour of the estimates of (3).
Results for the Checklist sample are di¢ cult to interpret. The monetary tightening dummy has the wrong sign for CG2 and CG4 in both models, and is signi…cantly greater than zero for CG2 in the conditional model. We interpret these results to indicate that, because it was not until 1990 that the Reserve 
Decomposition of the term spread
The second extension to the basic model is to use the pure expectations model of the term structure to decompose the e¤ects of the term spread on cumulative GDP growth into two components -the rationally-expected change in short-term interest rates and the term or risk premium. Using the approach of
Hamilon and Kim (2002), the term spread is decomposed as follows:
Hence the spread contains expectations of future changes in short-term interest rates,
A , and a term premium for risk or liquidity, de-
A . However we note that by taking an arithmetic rather than geometric mean of the various cash rates, Hamilton and Kim (2002) introduce an approximation error into the data -in its more usual geometricmean form the …rst bracketed term in would be 100 
Generalising to allow for di¤erent coe¢ cients on the two bracketed terms we 
If agents make interest-rate forecast errors, they may be de…ned as:
which then de…nes the following: 
where
Because the bracketed terms on the right hand side of (8) may be correlated with the disturbance term, we use instrumental-variables estimation using variables known at time t as instruments -under the assumptions of rational expectations, variable values known at time t should be uncorrelated with the residuals, and t+n should equal zero on average 11 . We obtained results with two alternative sets of instruments: a constant, i , and the four lagged values of the GDP growth rate, (400) ln(y t+j =y t+j 1 ), used previously as regressors in the OLS estimation of the conditional models. Results were similar for both sets of instruments, so only those for the smaller set are reported here.
Results, using a constant and current values of the cash rate and the 5 year bond rate as instruments, are provided in Figure 7 , with details in Table 3A of the Appendix. any impact on the relationship between the perfect-foresight term spread and cumulative GDP growth. As results in Table 3A of the appendix show, this …nding is not dependent on the choice of 1993 (1) Table 3b show that the pattern and size of numerical estimates change, but none are signi…cant.
It is, however, interesting to note that our results contrast with those from Hamilton and Kim (2002) in their study using data from the United States.
They estimate (8) 
Conclusions
This study has two objectives -to determine the degree to which the Australian term spread can forecast real GDP growth; and to examine whether this relationship, if shown to exist, has changed over time. Our results suggest that over To sum up, it appears that, at least for forecasting Australian cumulative GDP growth, the role of the term spread has been somewhat overstated. The term spread loses its in ‡uence once other plausible e¤ects are taken into account. 
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